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[57] ABSTRACT 
In an audio ampli?er circuit in which the base of a 
bipolar transistor of a ?rst-stage ampli?er circuit is di 
rect-coupled to an input terminal which is connected to 
a signal source such as a phono pickup cartridge, a 
parallel circuit of a resistor and an inductor is connected 
between the base of the bipolar transistor and ground. 
An equivalent inductance circuit for embodying a pure 
inductance is disclosed. ‘ 

9 Claims, 8 Drawing Figures 
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. INPUT CIRCUIT OF AUDIO; AMPLIFIER BACKGROUND OF THEJNVENTION 

This invention'relates to an audio ampli?er, andmore 
speci?cally to an input circuit of an‘ audio ampli?er 
capable of ‘being direct-coupledfto a signal source. - 

Generally, a ?rst-stage ampli?er circuit of an audio 
ampli?er is formed of a differential ampli?er circuit. 
When the differential ampli?er circuit is composed of 
bipolar transistors, a’ coupling capacitor is ‘connected 
between the base of one transistor and an input terminal 
which is connected to a signal source sucli'as a phono 
pickup cartridge, and a bias resistor to supply bias volt 
age to the base of the transistor is connected between 
the base‘ of the transistor and circuit ground. Since the 
input impedance of the differential ampli?er circuit 
depends on-the bias resistor, the resistance value of this 
bias resistor cannot'be reduced belowr'a certain‘ value. 
Therefore,‘a coupling capacitor is used in order not‘ to 
supply back to the signal source a DC potential estab 
lished at the base of the transistor, which DC potential 
is determined by the resistance value‘of the bias resistor 
and the value of the base bias current of the transistor in 
‘zero-signal condition. ‘In order to apply‘ signals of fully 
low frequency from the'signal ‘source to'th'e differential 
ampli?er circuit, it is necessary to use‘ a coupling cap_aci-_ 
tor with a considerably large capacitance. It‘is: known, 
however, that large-capacity coupling ’ capacitors 
would deteriorate the quality of audio signals. ' 

If the differential ampli?er circuit is formed of ?eld 
effect transistors (FET’s) as have frequently been done 
of late, any current will hardly ?ow through a- ‘(bias 
resistor which _is connected between the gate of an PET 
and circuit ground, owing to the high impedance prop 
erty of FET’s. As a result, the necessity of using a cou 
pling capacitorris obviated. However, since FET’s have 
a lower mutual conductance-Gm than that of bipolar 
transistors, the signal-to-noise ratio of an ampli?er using 
FET’s as ?rst-stage amplifying elements will be low 
ered as comparedwith that of an ampli?er using bipolar 
transistors. . _ - . . . 

SUMMARY OF THE INVENTION 
.An object of this invention is to- provide an input 

circuit of an audio ampli?er using a bipolar transistor as 
a ?rst-stage amplifying element which eliminates the 
necessity of a- coupling capacitor. , , Y . 

Another object of the invention is’ to provide‘ an 
equivalent inductance circuit suited for use in the input 
circuit of an audio ampli?er according‘to the invention. 
According to this invention, the base of a bipolar 

transistor for ?rst-stage ampli?cation‘isdirect-coupled 
to an input terminal which is to be connected to a signal 
source, and a parallel circuit of a resistor and a coil or 
inductor is connected between the base of the bipolar 
transistor and circuit ground. The input impedanceof 
the ?rst-stage ampli?er circuit depends on the resistor, 
and a base bias current for the bipolar transistor is pro 
vided through the coil or inductor. ,‘Since DC resistance 
of the coil or inductor is approximately zero, the base 
DC potential of the bipolar transistor is substantially 
zero, allowing the base of the bipolar transistor to be 
direct-coupled to the signal, source. A ‘pure coil orin 
ductor which has no substantial DC resistance rnaybe 
easily embodied by‘ an equivalent“ inductance-circuit 
according to this invention. 
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‘,BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic circuit diagram of an audio 
ampli?er-with an input circuit according to this inven 
tion; 
FIG. '2 shows an equivalent impedance circuit ac 

cording to the invention which provides positive impe 
dance; ’ 

FIG. 3 shows a pure inductance which can be embod 
ied by the equivalent impedance circuit of FIG. 2; 
FIG. 4 shows an audio ampli?er circuit similar to the 

circuit shown in FIG. 1 in which inductance is provided 
by the equivalent impedance circuit of FIG. 2; 

- FIG. 5 shows an audio ampli?er circuit in which a 
parallel circuit of a resistor and a coil of the circuit of 
FIG. 1 is embodied by an equivalent impedance circuit; 
FIG. 6 is an equivalent circuit diagram of the equiva— 

lent impedance circuit of FIG. 5; 
FIG. 7 shows an audio ampli?er circuit according to 

another embodiment of the invention; and 
FIG. 8 shows an example of a practical circuit dia-‘ 

gram of the circuit of FIG. 7. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Referring now to FIG. 1 showing an audio ampli?er 
according to a ?rst embodiment of this invention, a 
?rst-stage ampli?er circuit 10 is a differential ampli?er 
which is comprised of a differential pair of bipolar tran 
sistors 11 and 12. The transistor 11 has its-collector 
connected to a positive power supply terminal 13 
through a load resistor 16, while the transistor 12 has its 
collector direct-coupled to the positive power supply 
terminal 13. The common-connected emitters of transis 
tors 11 and 12 are connected to a negative power supply 
terminal 14 through a resistor 17. The output of ?rst 
stage ampli?er 10 or the collector of transistor 11 is 
connected to an output terminal 15 through a second 
stage ampli?er 18 which is preferably a direct-coupled 
ampli?er. The output terminal 15 is connected to the 
base of transistor 12 via a negative feedback network 
composed of resistors 19 and 20. The base of transistor 
11 is direct-coupled to an input. terminal 21 which is 
connected to a signal source 22 such as a phone pickup 
cartridge. A resistor 23 and a coil orinductor 24 are 
connected in parallel between the base of transistor 11 
and circuit ground. This invention is characterized in 
that the inpua resistor and a coil or inductor which is 
connected between the base of bipolar transistor receiv 
ing an input signal and circuit ground. 

In the circuit of FIG. 1, the input impedance of ?rst 
stage ampli?er 10 is decided by the resistor 23, and the 
base current of transistor 11 is supplied from circuit 
ground through the coil 24. Accordingly, the base bias 
voltage of transistor 11 is substantially zero volt, so that 
the base of transistor 11 can be direct-coupled to the 
input terminal 21. By making the inductance of coil 24 
high enough, signals of fully low frequency can be cou 
pled to the ?rst-stage ampli?er 10. 
Thecoil 24 has DC resistance as well as inductance. 

Therefore, the DCbase voltage of transistor 11 will not 
be, fully reduced- to zero volt, so that a small output 
offset voltage will appear at the output terminal 15. 
Pure inductance with no resistance can be obtained by 

-. means of an equivalent inductance circuit as mentioned 
below. > . 

- FIG. 2 shows an equivalent impedance circuit which 
can provide a desired reactance, such as inductance or 
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capacitance, between terminals 31 and 32. The terminal 
31 is connected to one input——noninverting input in this 
embodiment—of an operational ampli?er 33 which has 
inverting and noninverting inputs, while the terminal 32 
is connected to the other input or inverting input of 
ampli?er 33 through an impedance element 34 which 
has impedance Z1. An impedance element 35 having 
impedance Z2 is connected between the output and 
inverting input of ampli?er 33. Further, an impedance 
element 36 having impedance Z3 is connected between 
the output and non-inverting input of ampli?er 33. The 
ampli?er 33 and the impedance elements 34, 35 and 36 
constitute a well-known negative impedance conver 
sion circuit. In this invention, the impedance element 36 
is composed of a similar negative impedance conversion 
circuit which includes an operational ampli?er 37 and 
impedance elements 38, 39 and 40. Namely, the impe 
dance element 38 having impedance Za is connected 
between the output of the ampli?er 33 and one in 
put-inverting input in this embodiment——of the ampli 
?er 37, while the impedance element 39 having impe 
dance Zb is connected between the input of ampli?er 37 
to which the impedance element 38 is connected and 
the output of ampli?er 37. Moreover, the impedance 
element 40 having impedance Z0 is connected between 
the output and the other input of ampli?er 37. 
As generally known, impedance Z1 seen looking into 

the circuit from the terminals 31 and 32 of the negative 
impedance conversion circuit which is composed of the 
ampli?er 33 and the impedance elements 34, 35 and 36 
may be given by 

When the impedance element 36 is formed of the 
negative impedance conversion circuit as illustrated, 
the impedance Z3 connected between the output and 
noninverting input of the ampli?er 33 is given by 

Substituting equation (2) into equation (1) yields 

Zi = (Z 1~Za‘Zc)/ 22-212) (3) 

If resistors having resistances R1, R2, R3 and R4 and a 
capacitor having capacitance C1 are used as the impe 
dance elements 34, 35, 38, 40 and 39 respectively, then 
equation (3) may be rewritten as follows: 

s-Cl 

where s=ja>. 
That is, in this case, the equivalent impedance equiva 

lent to a circuit shown in FIG. 3 in which a pure coil 
with no resistance is connected between the terminals 
31 and 32, the inductance L of the coil being given by 
C1-R3-R4-(R1/R2). 
FIG. 4 shows an audio ampli?er circuit according to 

another embodiment of this inventin using, instead of 
the coil 24 of FIG. 1, an equivalent inductance circuit 
41 which may be embodied by the impedance circuit of 
FIG. 2 as mentioned before. In FIG. 4, the same compo 
nents as those in FIGS. 1 and 2 are designated by like 
reference numerals, and are excluded from further de 
scription. In the circuit of FIG. 4, the terminal 31 of 
FIG. 2 is connected to the base of transistor 11, while 
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the terminal 32 is connected to ground. With the equiv 
alent inductance circuit of the invention, inductance of 
a desired value may be obtained in accordance with the 
values of resistors and capacitor used. 
FIG. 5 shows an input circuit of an audio ampli?er 

circuit according to still another embodiment of this 
invention. In this embodiment, the resistor 23 and coil 
24 connected in parallel in the circuit of FIG. 1 are 
embodied by an equivalent impedance circuit 50. In this 
equivalent impedance circuit 50, the inverting input of 
an operational ampli?er 51 is connected to the input 
terminal 21 through a resistor 52 having resistance R5, 
and the noninverting input of ampli?er 51 is connected 
to ground through a resistor 53 having resistance R5. A 
resistor 54 having resistance R6 is connected between 
the output and inverting input of the ampli?er 51, and a 
resistor 55 having resistance R6 and a capacitor 56 hav 
ing capacitance C2 are connected in parallel between 
the output and inverting input of ampli?er 51. 

Input impedance Zi of the above-mentioned equiva 
lent impedance circuit 50 is given by 

Equation (5) suggests that the impedance circuit 50 of 
FIG. 5 is equivalent to a parallel circuit of a pure coil 57 
with inductance L2 and ‘a resistor 58 with resistance R7 
as shown in FIG. 6. L2 and R7 are given as follows: 

FIG. 7 shows an audio ampli?er according to a fur 
ther embodiment of this invention. In the circuit of this 
embodiment, a negative inductance circuit 61 having 
inductance —L is connected between the noninverting 
input and output of a direct-coupled ampli?er 60, a 
resistor 62 having resistance R8 is connected between 
the output and inverting input of the ampli?er 60, and 
the inverting input of ampli?er 60 is connected to 
ground through a resistor 63 having resistance R9. The 
noninverting input and output of ampli?er 60 are con 
nected to an input terminal 64 and an output terminal 
65, respectively. 
Assuming that an input signal voltage applied to the 

input terminal 64 is vi, an output voltage at the output 
terminal 65 is vo, an input current is il, and a current 
?owing through the resistor 63 is i2, as shown in FIG. 
7, the following equations hold 

Accordingly, gain Av of the circuit of FIG. 7 and input 
impedance Zi3 of the circuit as seen from the input 
terminal 64 are 

Namely, it will be understood that the circuit of FIG. 
7 is equivalent to a circuit in which inductance 
L-(R9/R8) is connected between the input terminal 64 
and ground. DC bias for the ampli?er 60 is supplied 
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through the equivalent inductance. Therefore, the DC 
bias voltage of the ampli?er 60 is zero volt, so that a 
signal source can be connected directly to the input 
terminal 64 without utilizing a coupling capacitor. 
The circuit of FIG. 7 may be obtained by connecting 

a negative inductance circuit 70 between the output 
terminal 15 and the input terminal 21, as shown in FIG. 
8, instead of using the coil 24 of the circuit of FIG. 1.0f 
an operational ampli?er 71, a resistor 72 having resis 
tance R10 and connected between the inverting input of 
ampli?er 71 and the output terminal 15, a capacitor 73 
having capacitance C3 and connected between the in 
verting input and output of the ampli?er 71, and a resis 
tor 74 having resistance R11 and connected between the 
output of ampli?er 71 and the input terminal 21. The 
noninverting input of ampli?er 71 is connected to the 
input terminal 21. The transistors 11 and 12, the resistors 
16 and 17, and the ampli?er 18 constitute the ampli?er 
60 of FIG. 7. 
The inductance of the negative inductance circuit 70 

between the input and output terminals 21 and 15 is 
given by L: —C3-R10-R11. 
The circuit of FIG. 8 is equivalent to a modi?cation 

of the circuit of FIG. 2 in which Z1, Z2, Za, Zb and Z0 
are replaced by R9, R8, R10, C3 and R11 respectively, 
the terminal 31 is connected to receive input signals, the 
output of ampli?er 33 is connected to the output termi 
nal 15, and the terminal 32 is connected to ground. 

In the above-mentioned embodiments of the inven 
tion, the ?rst-stage ampli?er circuit is not limited to the 
differential ampli?er circuit, and any circuit using a 
bipolar transistor as an input amplifying element may be 
utilized. 
According to this invention, as described above, the 

base of an input bipolar transistor can be connected 
directly to the input terminal of the ampli?er circuit 
which is to be connected to a signal source, so that 
distortion is reduced, and the quality of sound will be 
improved. Using the bipolar transistors for the ?rst 
stage ampli?er circuit, the ampli?er circuit of this in 
vention is advantageous in S/N ratio and simple in 
con?guration. 
What is claimed is: 
1. An input circuit of an audio ampli?er with an input 

terminal to be connected to a signal source, comprising: 
a ?rst-stage ampli?er circuit including as an amplify 

ing element a bipolar transistor the base of which is 
direct-coupled to said input terminal without a 
capacitor coupled therebetween; and 

a parallel circuit of a resistor and an inductance con 
nected between the base of said bipolar transistor 
and circuit ground. 

2. An input circuit according to claim 1 wherein said 
inductance comprises an equivalent inductance circuit. 

3. An input circuit according to claim 2 wherein said 
equivalent inductance circuit includes ?rst and second 
ampli?ers each having ?rst and second inputs and an 
output, said ?rst input being one of noninverting and 
inverting inputs and said second input being the other, 
said ?rst inputs of said ?rst and second ampli?ers being 
connected to the base of said bipolar tansistor, a ?rst 
resistor connected between said second input of said 
?rst ampli?er and circuit ground, a second resistor con 
nected between said output and second input of said 
?rst ampli?er, a third resistor connected between said 
output of said ?rst ampli?er and said second input of 
said second ampli?er, a capacitor connected between 
said output and second input of said second ampli?er, 
and a fourth resistor connected between said output and 
?rst input of said second ampli?er. 
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4. An input circuit according to claim 1 wherein said 

parallel circuit of said inductance and resistor comprises 
by an equivalent impedance circuit. 

5. An input circuit according to claim 4 wherein said 
equivalent impedance circuit includes an ampli?er hav 
ing ?rst and second inputs and an output, said ?rst input 
being one of noninverting and inverting inputs and said 
second input being the other, a ‘?rst resistor connected 
between said ?rst input of said ampli?er and the base of 
said bipolar transistor, a second resistor connected be 
tween said second input of said. ampli?er and circuit 
ground, a third resistor connected between said second 
input and output of said ampli?er, a fourth resistor con 
nected between said ?rst input and output of said ampli 
?er, and a capacitor connected in parallel with said 
fourth resistor. 

6. An audio ampli?er with an input terminal to be 
connected to a signal source, comprising: 

a ?rst ampli?er having noninverting and inverting 
inputs and an output, said noninverting input being 
direct-coupled to said input terminal; 

a ?rst resistor connected between said output and 
inverting input of said ?rst ampli?er; 

a second resistor connected between said inverting 
input of said ?rst ampli?er and circuit ground; and 

a negative inductance circuit connected between said 
output and noninverting input of said ?rst ampli 
?er. 

7. An audio ampli?er according to claim 6 wherein 
said negative inductance circuit includes a second am 
pli?er having ?rst and second inputs and an output, said 
?rst input being one of noninverting and inverting in 
puts and said second input being the other, a third resis 
tor connected between said output of said ?rst ampli?er 
and said ?rst input of said second ampli?er, a capacitor 
connected between said output and ?rst input of said 
second ampli?er, and a fourth resistor connected be 
tween said output and second input of said second am 
pli?er. 

8. An equivalent impedance circuit to provide posi 
tive impedance between ?rst and second terminals, 
comprising: 

a ?rst ampli?er having ?rst and second inputs and an 
output, said ?rst input being one of noninverting 
and inverting inputs and said second input being 
the other, said ?rst input being connected to said 
?rst terminal; 

a second ampli?er having ?rst and second inputs and 
an output, said ?rst input being one of noninverting 
and inverting inputs and said second input being 
the other, said ?rst input of said second ampli?er 
being connected to said ?rst terminal; 

a ?rst impedance element connected between said 
second input of said ?rst ampli?er and said second 
terminal; 

a second impedance element connected between said 
output and second input of said ?rst ampli?er; 

a third impedance element connected between said 
output of said ?rst ampli?er and said second input 
of said second ampli?er; 

a fourth impedance element connected between said 
output and second input of said second ampli?er; 
and 

a ?fth impedance element connected between said 
output and ?rst input of said second ampli?er. 

9. An equivalent impedance circuit according to 
claim 8 wherein said ?rst, second, third and ?fth impe 
dance elements are resistors, and said fourth impedance 
element is a capacitor. 

* * * * * 


